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(g) Dry granulation using a flu id feed bed. 

@ A process for producing granules by rotomelt 
granulation comprising mixing at least one 
powdered pharmaceutical^ active material and 
a powdered excipient material within- a zone 
wherein both powdered materials are main- 
tained in a fluidized state by a rising stream of 
gas in an apparatus having a rapidly rotating 
horizontal-disk located within a vertical vessel 
wherein said gas is at a temperature sufficient 
to cause at least one powdered material to at 
least partially melt thereby causing said pow- 
dered materials to aggregate and form 
granules. 
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FIELD OF INVENTION 

Thisinv ntion relates to a process for th production of spherical particles or granules. Th granules pro- 
duced by this process are particularly well suited for pharmaceutical uses. 

5 

BACKGROUND OF THE INVENTION 

Greater than 90% of all therapeutic compounds are administered via the oral route, of which the tablet 
dosage form is by far the most popular. The quality of this solid oral dosage form is, as a general rule, primarily 
10 governed by the physical and chemical properties of the granulation from which the tablets are composed. 

It is particularly important in the granulation process to be able to control the granules size distribution, 
shape and surface characteristics. These granule characteristics in turn affect the formulation design and man- 
ufacture of tablets and capsules as well as impacting the bioavailability of the active pharmaceutical compo- 
nents in the granules. 

15 Many techniques are known for preparing granulations from powdered materiais such as wet granulation, 
solvent granulation and melt granulation. All of these techniques involve the addition of an inactive binder to 
aggregate smaller particles into larger granules. For example, wet granulation ahd solvent granulation require 
the addition of a liquid binder which aggregates the active materials and excipients into granules. After gran- 
ulation, the liquid generally must be removed by a separate drying step. Melt granulation is similar to wet gran- 
20 ulatlon, but uses a low melting point solid material as a binder. The solid binder in melt granulation is melted 
arid acts as a liquid binder thereby aggregating the powdered active material and excipients into granules. The 
* binder thereby, is permanently incorporated into the granules when the granules cool. 

Each of these granulation techniques has drawbacks. Wet granulation requires a liquid be added which 
requires tanks and handling equipments. Since the liquid used in wet granulation must subsequently be re- 
25 moved, a drying step is also needed which requires drying equipment and further complicates the manufac- 
turing process. Additionally, wet granulation is not well suited to making granules which incorporate water ab- 
sorbing disintegrants. Unless the wet granulation is very carefully controlled the water absorbing disintegrant 
will absorb the water as it is added to the granulation and result in a swollen mass being formed instead of 
discreet granules. To solve this problem and avoid the inactivation of water sensitive pharmaceuticals a solvent 
30 based granulation can be used. The solvent used in this granulation process is generally a volatile hydrocarbon 
or alcohol which can easily be removed from the granules after they are formed. Since water is not involved 
in this granulation process the problems with the incorporation of disintegrants and inactivation of pharma- 
ceuticals is avoided. However, the use of highly volatile solvents present a new set of problems. The foremost 
problem with solvent granulation is the risk of explosion which can occur any time one is handling volatile sol- 
as vents. Special precaution are necessary to avoid explosions and protect worker from exposure to these sol- 
vents. 

Melt granulation on the other hand avoids the problems associated with adding liquids by incorporating a 
low melting solid binder. The low melting point binder must be heated to at least its softening point and melted 
during the granulation process. The heat necessary to soften or melt the binder is generally supplied by a high 

40 shear mixing device. Unfortunately, it is difficult to control the heat distribution generated by high shear mixing 
which may result in heat inactivation of some active materials. Another significant problem with melt granulation 
with high shear mixing is that the granules formed have a broad distribution of granule sizes and tend to be 
fragile. These characteristics make the granules difficult to handle in subsequent processing into tablets and 
capsules and significantly contribute to product waste. 

45 Thus, it would be a significant advancement to the art if a new process for granulation couid be developed. 



SUMMARY OF THE INVENTION 

Thus, it is an object of the present invention to provide a new granulation process, 
so It is another object of the present invention to provide a new granulation process in which water absorbent 
disintegrants may be easily incorporated. 

It is a further object of the present invention to provide a new granulation process in which the process 
parameters may be easily controlled to provide a narrow distribution of granule sizes. 

Th se and many other objects and advantages of the present invention will be apparent from the following 
55 detailed d scription, examples, claims and figures. 

On embodim ntof the present inv ntion is a process for producing granules by rotomelt granulation com- 
prising mixing at least one powdered pharmaceutically active material and a powdered excipient mat rial with 
a high r melting point than said powdered pharmaceutically active material in a zone wherein both powder d 
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materials are maintained in a fluidized state by a rising stream of gas In ah apparatus having a rapidly rotating 
horizontal-disk located within a vertical vessel having a bottom surface and said rapidly rotating disk is located 
on the bottom surface of the v rtical v ssel wherein said gas Is at a temperature sufficient to cause at least 
one powdered pharmaceutically active material to. at least partially melt thereby causing said powdered ma- 

5 terials to aggr gate and form granul s. 

A further embodiment of the present invention is a process for producing granules by rotom It granulation 
comprising mixing powdered binder material and a powdered pharmaceutically active material with a higher 
melting point than said powdered binder material in a zone wherein both powdered materials are maintained 
in a fluidized state by a rising stream of gas in an apparatus having a rapidly rotating horizontal-disk located 

10 within a vertical vessel having a bottom surface and said rapidly rotating disk is located on the bottom surface 
of the vertical vessel wherein said gas is at a temperature sufficient to cause the powdered binder material to 
at least partially melt thereby causing said powdered materials to aggregate and form granules. 

BRIEF DESCRIPTION OF THE DRAWING 

15 

The accompanying drawing illustrates one apparatus suitable for use In the process of rotomelt granulation: 
FIG. 1 is a diagrammatic view of a apparatus suitable for use in the process of rotomelt granulation. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

The present invention provides a process for producing granules suitable for utilization in the formulation 
e ; of pharmaceuticals. Granules with a particle size of from in the range of from about 150 urn to about 2000 urn 
arid preferably in the range of from about 250 urn to about 1250 urn can easily be formed. The granules will 
also have a nearly spherical shape which will allow the granules to be evenly coated by conventional means 
25 such as Wurster apparatus or tangential coating apparatus. Coated granules produced by the present invention 
also Improve the taste masking and controlled release properties of these granules. Granules produced by 
this process also have a narrow size distribution which reduces waste and makes subsequent processing of 
the granules into tablets and capsules easier. This process for producing the granules will be referred to as 
rotomelt granulation. 

30 In rotomelt granulation, one of the feed powders must have a lower melting point than the other powder 
to serve as a binder. The feed powders are introduced into a vertical vessel with rotatable horizontal-disk lo- 
cated in the bottom of the vessel. The powder is maintained In fluidized state by at least one stream of filtered 
air being circulated from the bottom of the. vertical vessel through one or more inlets. The rotatable horizontal 
disk is then rotated whOe the air supplied to fluidize the powder is maintained at a temperature sufficient to 

35 soften or melt the lower melting point powder. The temperature to which the binder must be heated to soften 
can be empirically determined by observing the formation of granules at various temperatures for various bind- 
ers. It is presently believed that temperatures 3-5°C below the melting point or melting range provide sufficient 
softening to result in granule formation. The lower melting point powder then acts as a binding agent to promote 
the aggregation of powder particles into granules. 

40 Suitable powders for use in rotomeit granulation should have a diameter size in the range of from about 5 
ujn to about 150 fim and preferably in the range of about 35 u,m to about 80 um. The powdered components 
should be active pharmaceutical compounds, pharmaceutically acceptable binders and excipients that are sta- 
ble at elevated temperatures. The temperature which t he components will be exposed to depends on the binder 
employed to aggregate the powders. Generally, the melting point of the binder will be above 30°C and prefer- 

45 ably below 100°C. 

The powders used in the present invention can be formed into granules by at least two alternative gran- 
ulation mechanisms. The first mechanism for granule formation utilizes a larger particulate binder and a smaller 
particulate powder. The temperature during the rotomeit granulation is then elevated only to the point where 
the external surface of the binder particles become tacky. As the second powdered material of a smaller size 

so is contacted with the tacky sur face it forms a microlayer on the surface of the binder particle. This granulation 
mechanism results in granules which have size distribution similar to the original binder particles employed. 
Alternatively, the rotomeit granulation may be conducted at a temperature at which the binder acts as a cement 
bridging the gaps between the unmelted particles (this is referred to as agglomeration). This mechanism re- 
sults in the formation of granules where the components are intermingled. For each binder used the mecha- 

55 nism can be controll d primarily by the temperature at which th rotom It granulation is preformed. Those skil- 
I d in the art will appreciate that the granul s formed can be observed by el ctron microscopy to d t rmine 
th typ of granulation process occurring. If on particular type of granule is desired, the process conditions 
or starting materials can be varied to produce the desired granules. 
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In one embodiment of tit pr s nt invention, the active pharmaceutical compound is melted to act as a 
binding agent In th rotomelt granulation. process. In this embodim ntoftheinv ntion the activ pharmaceut- 
ical compound must be capabl of b ing m It d without decomposing or bee ming inactive. Suitable actlv 
pharmaceutical compounds which may be melted to act as a binding agent include but ar not limited to phar- 
maceutical compounds selected from th group consisting of gemfibrozil, guaifenesin, ibuprofen, isosorblde 
dinitrate, flurbiprof n and k toprofen. Th preferred activ pharmaceutical compound is ibuprofen. In this em- 
bodiment of the invention ibuprofen will act as a binder when heated to above 68°C and most preferably to a 
temperature in the range of from about 68°C to about 76°C. 

Suitable excipients for the present invention must be pharmaceutical^ acceptable excipients selected with 
a suitable thermal stability for the thermal exposure it will receive during the rotomett granulation process. Ex- 
cipients which may be added lo the powdered active pharmaceutical compound include excipients selected 
from the group consisting of fillers, disintegrants, lubricants, glidants and antiadherents. Suitable fillers Include 
but are not limited to calcium phosphate dibasic, tricalcium phosphate, calcium carbonate, starch (such as corn, 
maize, potato and rice starches), modified starches (such as carboxymethyl starch, etc.), microcrystailine cel- 
lulose, sucrose, dextrose, maltodextrins, lactose, and fructose. Suitable disintegrants include but are not limited 
to disintegrants provided in an effective amount selected from the group consisting of starch (such as corn, 
maize, waxy maize, potato and rice starches), derivative of starch (such as carboxymethyl starches, and so- 
dium starch glycolate such as Explotab®), purified wood cellulose, cellulose derivatives (such as methyl cel- 
lulose, carboxymethyl cellulose, crossilnked carboxymethyl cellulose, low substituted hydroxypropyj cellulose, 
microcrystailine cellulose and combinations thereof such as sodium carboxymethyl cellulose and microcrys- 
tailine cellulose), alginic acid, guar gum, pectins, cation exchange resins, crossilnked homopolymers of vinyl- 
pyrrolidone (Polyplasdone® XL and XL10) and finely divided solids (such as magnesium silicates, aluminium 
silicates and colloidal silicon). Suitable lubricants include but are not limited to metal stearates (such as calcium, 
magnesium on zinc stearates), stearic acid, hydrogenated vegetable oils, talc, starch, light mineral oil, sodium 
benzoate, sodium chloride, sodium lauryi sulfate, magnesium lauryl sulfate, sodium stearyi fumarate, glyceryl 
behenate and polyethylene glycol (such as Carbowax 4000 and 6000). Suitable antiadherents include but are 
not limited to colloidal silicon dioxide. 

The illustrative excipients listed above are known in the art and have been described in several books such 
as the Handbook of Pharmaceutical Excipients, published bytheAmericanPharmaceuticalAssociation(1988), 
and Pharmaceutical Dosage Forms: Tablets, Vol. 1-3, second edition, edited by Herbert A. Lieberman, Leon 
Lachman and Joseph B. Schwartz, published by Marcel Dekker (1989), which are hereby incorporated by ref- 
erence. Further information on disintegrants is available from a variety of sources such as the article "A Com- 
parative Evaluation of the Properties of Some Tablet Disintegrants", by D. Kissinger and A. Stamm published 
in Drug Development and Industrial Pharmacy, 6(5), 511-536 (1980) which is hereby incorporated by reference. 

The amount of binder which is necessary to add to aggregate the particles into granules generally |s in 
the range of from about 10 weight percent to about 80 weight percent and preferably is in the range of from 
30 to 70 weight percent of the powdered materials in; the rotomelt granuiation the remaining weight percent to 
provide a total of 100 weight percent being one or more suitable powdered pharmaceutical actives. Optionally 
the rotomelt granulation may also contain from in the range of about 0 to about 60 weight percent of one or 
more powdered excipients and/or powdered dissolution enhancers wherein the total weight of ail the powdered 
materials equals 100 weight percent Dissolution enhancers are pharmaceutical^ acceptable alkaii carbonates 
such as sodium carbonate, potassium carbonate and sodium bicarbonate which produce gas when contacted 
with stomach acids. 

One suitable formulation of ingredients which may be made into granules would consist of from in the range 
of about 20 to about 80 weight percent powdered ibuprofen and preferably from in the range of about 30 to 
about 70 weight percent ibuprofen based on the total weight of the powder materials equalling 100 weight per- 
cent The remaining weight percent of the powder material consist of excipients such as disintegrants and fillers 
including but not limited to disintegrants and fillers selected from the group consisting of corn starch, maize 
starch, waxy maize starch, potato starch, rice starch, carboxymethyl starches, sodium starch glycolate, purified 
wood cellulose, carboxy cellulose, carboxymethyl cellulose, crosslinked carboxymethyl cellulose, low substi- 
tuted hydroxypropyi cellulose, microcrystailine cellulose, combinations of sodium carboxymethyl cellulose and 
microcrystailine cellulose, alyinic acid, guar gum, pectins, cation exchange resins, crosslinked homopolymers 
of vinylpyrrolidone, magnesium silicates, aluminium silicates, colloidal silicon, sucrose, dextrose, maltodex- 
trins, lactose, and fructose combination of two or more thereof. 

Ibuprofen may also be formulated in a three component system which would consist of from in the range 
of from about 10 to about 60 weight p rcent ibuprofen, from in th range of from about 20 to about 40 weight 
percent of a powd r d excipient such as a disintegrant or filler and from in the range of from about 20 to about 
70 weight percent f a powdered dissolution enhancer wherein the total weight percent of all th powd red 
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materials equals 100 weight p rcent 

In another embodiment of this invention as parate inactiv powdered material is used as the bind r. The 
binder used in this mbodiment of the invention should b a pharmaceutical^ acceptable dry powd r having 
a particle size in th range of from about 5 ^m to about 150 jim and pref rably in the rang f from 35 *im to 

5 80 urn. Suitable binders for rotomelt granulation are low melting point powdered binder selected from the group 
consisting of polyethylene glycol 4000, polyethylene glycol 6000, stearic acid, and low melting point waxes. 
Suitable low melting point waxes include but are not limited to glyceryl monostearate, hydrogenated tallow, myr- 
istyl alcohol, myristic acid, slearyl alcohol, substituted monoglycerides, substituted dlglycerides, substituted 
triglycerides, white beeswax, carnauba wax, castor wax, japan wax, acetylate monoglycerides and combina- 

10 tions of two or more thereof. II is currently preferred that the binders used In the present invention generally 
have a melting point from about 30°C to 100°C and most preferably between 40°C to 85°C. 

Suitable pharmaceutical^ active materials for this embodiment of the invention should be thermally stable 
pharmaceuticals. For the purpose of this invention a pharmaceutical active will be generally suitable for use 
in this invention If it does not decompose or become inactive after by being exposed to a temperature of at 

is least 30°C for at least 20 minutes. The thermal stability required for a particular combination of materials de- 
pends on the temperature required to melt the binder employed. The following active pharmaceutical com- 
pounds are suitable for rotomelt granulation which include but are not limited to antihistamines including ter- 
fenadine, chlorpheniramine maleate, clemastine fumarate, carbinoxamine maleate, promethazine hydrochlor- 
ide, and diphenhydramine; analgesics and antipyretics including aspirin, salicyiamide, ethanzamide, acetami- 

20 nophen and diclofenac sodium; bronchodilators including salts of d-pseudoephedrine; antitussives and expec- 
torants including dextromethorphan hydrobromide, dihydrocodeine phosphate, cloperastine hydrochloride, 
* phenylpropanolamine hydrochloride, methylephedrine, potassium cresol sulfonate, morphine sulfate, codeine 
phosphate and belladonna alkaloids; antiulcers including pirenzeplne, cimetidine, ranitidine and famotidine; 
drugs for circulatory organs including pindolol, propranonol, alprenolol, oxprenolol and diltiazem; antitumor 

25 agents including 5-fluorouracil; antibiotics including cephalexin and cefaclor; antibacterials including cinoxacin, 
enoxacin and of loaxacin; and pharmaceutical acceptable salts thereof. 

The amount of binder which is necessary to add to aggregate the particles into granules generally is In 
the range of from about 10 weight percent to about 80 weight percent and preferably is in the range of from 
30 to 70 weight percent of the powdered materials in the rotomelt granulation the remaining weight percent to 

30 provide a total of 1 00 weight percent being a suitable pharmaceutical active. Optionally one or more of the ex- 
cipients and/or dissolution enhancers already described may be employed with the binder and the pharma- 
ceutical active. The excipient and/or dissolution enhancer may comprise from 0 weight percent to about 60 
weight percent of the powdered materials wherein the total weight percent of the powdered materials equals 
100 weight percent 

35 Presently it is preferred that the granules formed by the present Invention will be small enough to pass 
through a 20 mesh U.S. Standard screen and large enough to be retained on a 100 mesh U.S. Standard screen 
which is approximately a particle size in the range of from about 900 urn to about 200 ujti. Most preferably the 
granules formed by the present invention wfll have a narrow size distribution such that at least 50 weight per- 
cent and preferably at least 75 weight percent will have a particle size that is within a 200 urn range of size, 

40 most preferably at least 50 weight percent of the granules will have a particle size within a 100 urn range of 
size. As is shown in Examples 2-4 this may readily be accomplished using the process of the present invention. 

The granules formed by rotomelt granulation are particularly well suited for coating with taste masking 
coatings such a mixture of cellulose acetate, cellulose acetate butyrate and polyvinylpyrrolidone or hydroxy- 
propyl cellulose and cellulose acetate phthalate alone or in combination with polyvinylpyrrolidone or hydroxy- 

45 propyl cellulose. Suitable coating have also been described in patents such as U.S. Patent 5,075,114 and U.S. 
Patent 4,851 ,226 which are hereby incorporated by reference herein. Granules made by this process may be 
coated using conventional pan coating, Wurster coating or rotocoating methods. 

Granules formed by this process are also suitable for mixing with pharmaceiftically acceptable excipients 
and forming into chewable or swallowable tablets, pills or capsules. 

50 The process and apparatus suitable for performing rotomelt granulation may be further understood by re- 
ferring to FIG. 1 which illustrates diagrammatically a preferred apparatus for utilization in the rotomelt granu- 
lation process. In the rotomelt granulation process the powdered materials 2 are introduced Into a vertical wal- 
led vessel 1, which is generally cylindrical in shape, by separating the lower section of the vessel 5 from the 
upper section or expansion chamber 3 of the v rtical wall dv ssel at seam 7 or through an inlet m ans4. In 

55 the lower section 5 of the vessel, the powdered material is contacted with a horizontally rotatable disk 8 located 
on and in the center of the bottom surface of the vertical walled vessel 6. The horizontally rotatable disk 8 is 
movably linked to shaft 20 which transmit torque to said rotatable disk 8. Said movable linkage allowing said 
rotatable disk to be displaced vertically as well as rotated in the horizontal plane. The shaft 20 is mechanically 
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linked with a means for providing torque such as a variable speed motor 22. The shaft mechanically displaces 
t he horizontal rotatable disk 0, upwards creating a path for the air 10 f toenterthel wers ctionofthev rtical 
walled vessel 5 between the bottom surface of th v ssel 6 and the rotatabl disk 8. The pbwd red materials 
2 are flufdized by air 1 0 supplied through inlets 12 located under the rotatable disk 8. The air 10 flows upward 

5 and out of the vess I through exhaust outlet 14. Th air 10 suppjied t the vessel 1 is transported to the inlet 
1 2 throug h conduit means 1 6. The conduit means 1 6 is in th rmal communication with heat exchanging means 
18. The heat exchanger provides temperature control for the air 10. The heat exchanger may utilize a variety 
of common heat transferring means such as a steam jacket, oil jacket, or radiant heat source. The air 10 may 
be filtered after passing through the zone of the conduit means in thermal communications with the heat ex- 

10 changer by passing the air through a filter means 30, The air flow through the vessel may be affected by a 
fan or turbine 24 mechanically linked 25 such as by a shaft to a means for providing torque 27 such as a variable 
speed motor disposed with a primary filter 26 at the air intake 19. In an alternate embodiment the fan orturbine 
32 mechanically linked 33 such as by a shaft to a means for providing torque 34 such as a variable speed motor 
could be disposed at the exhaust outlet 14. 

15 

Example 1: 

This example describes a method for performing a partial melt granulation. The granules formed by this 
process appear to have the higher meiting point materials adhering to the surface of the lower melting point 
20 particles. 



Ingredient No. 


% (W/W) 


g/batch 


I 


d-pseudoephedrine HCI USP 


• 73.0 


3,650 


II 


Polyethylene glycol 8000 NF 


25.0 


1,250 


HI 


Colloidal silicon dioxide NF 


1.0 


50 


IV 


Magnesium stearate NF 


1.0 


50 



Ingredients l f III and IV were admixed and then passed through a Fitzpatrick Comminutor Model D ( knives 
forward, medium speed, #2AA screen. The mBled material was then admixed with ingredient II and then added 
to the product container of a Giatt GPCG 5 rotor insert. The unit was hydraulically pressed. The supply air tem- 
perature controller was adjusted to about 10-12 degrees above the melting point of the binder material. The 
powders were then fluidized and the airflow adjusted by using the slit and exhaust air flap until the differential 
pressure across the rotor plate of approximately 150 mm of water was attained. The rotor was then turned on 
and the rotational speed was increased to 500 RPM. The exhaust air flow control flap and slit width were ad- 
justed to attain an airflow that maintained proper fluidization. The bed was heated until a product bed temper- 
ature equal to 60°C was obtained. The particle size of the granules formed by rotomelt granulation was deter- 
mined after the granules were passed through a 14 mesh sieve using U.S. Standard Mesh. 





Particle size data: 


Mesh Number 


Weight Percent Retained 






40 


0.65 


46 




60 


18.33 






80 


25.26 






100 


12.16 


50 




170 


34.24 






270 


2.81 






Pan 


6.55 



55 
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Example 2: 



Ingredient No. 


% (W/W) 


g/batch 


I 


d-pseudoephedrine HCl USP 


48 . 


2,400 


II 


Colloidal silicon dioxide NF 


1 


50 


III 


Magnesium stearate NF 


1 


50 


IV 


Carnauba Wax NF 


50 


2,500 



The protocol employed in Example 1 was followed in this example except the product bed temperature 
was increased to 78°C so that agglomeration would occur and ingredient II was omitted. The particle size of 
the granules formed by rotomelt granulation was determined after the granules were passed through a 14 
15 mesh sieve. 



Mesh Number 


Weight Percent Retained 


20 


O.OO 


30 


0.80 


40 


3.80 


50 


42.00 


60 


14.40 


80 


25.20 


PAN 


13.80 



30 

Example 3: 



Ingredient No. 


%(W/W) 


g/batch 


I 


Ibuprofen USP 


30 


3,000 


II 


Croscarmellose Sodium NF 


68 


6,800 


III 


Sodium Lauryl Sulfate NF 


2 


200 



The protocol employed in Example 1 was followed in this example except the product bed temperature 
was increased to 72°C so that agglomeration would occur. The particle size of the granules was determined 
after the granules were passed through a 14 mesh sieve. 

48 



50 



55 
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Particle size data: 


M sh Number 


Weight Percent Retained 






20 


0.5 


5 




30 


2.0 






40 


12.8 






50 . 


61.4 


10 




60 


14.5 






80 


8.5 






Pan 


0.0 



15 The granules formed by this process with ibuprofen have a narrow size distribution. 



Example 4 : 



Ingredient No. 


%(W/W) 


g/bateh 


I 


Ibuprofen USP 


50 


5,000 


II 


Croscarmeliose Sodium NF 


50 


5,000 



25 The protocol employed in Example 3 was followed in this Example. The particle size of the granules were 
determined after the granules formed by rotomelt granulation were passed through a 14 mesh sieve. 





Particle Size Data: 


Mesh Number 


Weight Percent Retained 


30 




20 


1.49 






30 


7.53 






40 


50.55 


35 




50 


35.28 






60 


4.06 






80 


0.99 


40 




Pan 


0.10 



Again as previously demonstrated the granules formed using ibuprofen as a binder have a very narrow 
size distribution. 

46 

Claims 

1. A process for producing granules by rotomelt granulation comprising mixing^at least one powdered phar- 
maceutical^ active material and a powdered excipient material with a higher melting point than said pow- 

50 dered pharmaceutical^ active material, in a zone wherein both powdered materials are maintained in a 

fluidized state by contacting said powdered materials with a rising stream of gas in an apparatus having 
a rapidly rotating horizontal-disk located within a vessel having a bottom surface and said rapidly rotating 
disk is located on the bottom surface of the vertical vessel wherein the gas is at a temperature sufficient 
to cause the powdered pharmaceutical^ active material to at least partially m It thereby causing said pow- 

55 der d pharmaceutical! y activ material to aggregat with said powdered excipient material to form gran- 

ules which are spherical. 

2. The process of claim 1 wherein the powdered pharmaceutical^ active material Is selected from the group 
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consisting gemfibrozil, guaifenesin, ibuprofen, isosprbid dinitrate, flurbiprofen and k toprofen. 

3. The process of claim 1 wher in the p wdered pharmac utically active material Is ibuprof n. 

4. The process of claim 1 herein th excipient is selected from th group consisting of fillers, disint grants, 
lubricants, glidants and antiadherents. 

5. The process of claim 2 wherein the amount of powdered pharmaceutically active material present is in 
the range of from about 10 weight percent to about 80 weight percent of the powdered materials based 
on the total amount of powdered material equaling 100 weight percent 

10 

6. The process of claim 5 wherein additionally there is present a powdered dissolution enhancer. 

7. The process of claim 1 wherein the powdered pharmaceutical active is ibuprofen and the amount of ibu- 
profen present is in the range of from about 20 to about 80 weight percent and the powdered excipient is 

15 selected from the group consisting of corn starch, maize starch, waxy maize starch, potato starch, rice 

starches, carboxymethyl starches, sodium starch glycolate, purified wood cellulose, carboxy cellulose, 
carboxymethyl cellulose, crosslinked carboxymethyl cellulose, low substituted hydroxypropyl cellulose, 
microcrystalline cellulose, combinations of sodium carboxymethyl cellulose and microcrystalline cellu- 
• lose, alginic acid, guar gum, pectins, cation exchange resins, crosslinked homopolymers of vinylpyrroli- 

20 done, magnesjum silicates, aluminium silicates, colloidal silicon, sucrose, dextrose, maltodextrins, lac- 

tose, fructose and combination of two or more thereof and the amount of powdered excipient present is 
in the range of from about 80 to about 20 weight percent wherein the weight percent is based on the total 
amount of the powdered materials equalling 100 weight percent 

25 8. The process of claim 1 wherein the powdered pharmaceutical active is ibuprofen and the amount of ibu- 
profen present is in the range of from about 1 0 to about 60 weight percent and the powdered excipient is 
selected from the group consisting of corn starch, maize starch, waxy maize starch, potato starch, rice 
starch, carboxymethyl starches, sodium starch glycolate, purified wood cellulose, carboxy cellulose, car- 
boxymethyl cellulose, crosslinked carboxymethyl cellulose, low substituted hydroxypropyl cellulose, mi- 
30 crocrystalline cellulose, combinations of sodium carboxymethyl cellulose and microcrystalline cellulose, 

alginic acid, guar gum, pectins, cation exchange resins, crosslinked homopolymers of vinylpyrrolidone, 
magnesium silicates, aluminium silicates, colloidal silicon, sucrose, dextrose, maltodextrins, lactose/fruc- 
tose and combination of two or more thereof and the amount of powdered excipient present Is in the range 
of from about 20 to about 40 weight percent and additionally there is present a dissolution enhancer se- 
35 lected from the group consisting of sodium carbonate, potassium carbonate and sodium bicarbonate and 

the amount of powdered excipient present is in the range of from about 20 to about 70 weight percent 
wherein the weight percent is based on the total amount of the powdered materials equalling 100 weight 
percent 

The process of claim 7 wherein the gas contacted with the powdered pharmaceutically active material 
and powdered excipient material is maintained at a temperature in the range of from about 68°C to about 
76°C, 

A process for producing granules by rotomelt granulation comprising mixing a powdered binder material 
and a powdered pharmaceutically active material with a higher melting point than said powdered binder 
material in a zone wherein both powdered materials are maintained in a fluidized state by a rising stream 
of gas in an apparatus having a rapidly rotating horizontal-disk located within a vertical vessel having a 
bottom surface and said rapidly rotating disk is located on the bottom surfaceof the vertical vessel wherein 
said gas is at a temperature sufficient to cause the powdered binder material to at least partially melt there^ 
by causing said powdered materials to aggregate and form granules. 

The process of claim 10 wherein the binder is present in an amount in the range of from about 10 weight 
percent to about 80 weight percent and the powdered pharmaceutical active material is present in amount 
in the range of from about 20 to about 90 weight percent based on the total amount of powdered materials 
equalling 100 weight percent 

The process of claim 11 wherein optionally there is present one or more excipients or dissolution enhanc- 
ers, 
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13. The process of claim 10 wherein the binder is selected from the group consisting of polyethylene glycol 
4000, polyethylene glycol 6000, stearic acid, glyceryl monostearate, hydrogenated tallow, myristyl alco- 
hol, myristicacid, st aryl alcohol, substituted monoglycerides, substituted diglycerides, substituted trigly- 
cerides, white beeswax, carnauba wax, castor wax Japan wax. acetytate monoglycerides, stearic acid and 

5 combinations of two or more thereof. 

14. The process of claim 10 wherein the powdered pharmaceutical active Is selected from the group consist- 
ing of terfenadlne, chlorpheniramine maleate, clemastine fumarate, carbinoxamine maleate, prometha- 
zine hydrochloride, diphenhydramine, aspirin, salicylamide, ethanzamide, acetaminophen, diclofenac d- 

10 pseudoephedrine, dextromethorphan hydrobromide, dihydrocodeine phosphate, cloperastine hydrochlor- 

ide, phenylpropanolamine hydrochloride, methylephedrine, potassium cresol sulfonate, morphine sulfate, 
codeine phosphate, belladonna alkaiolds, pirenzepine, clmetidine, ranitidine, famotidine, pindolol, propra- 
norol, alprenolol, oxprenolol, diltiazem, 5-fIuorouraciI, cephalexin, cefaclor, cihoxacin, enoxacin, ofioaxa- 
cin and pharmaceuticaliy acceptable salts thereof. 

15 15. Granules comprising at least one pharmaceuticaliy active material and an excipient material and obtain- 
able by a process according to any preceding claim. 
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